The simple analytics of money and credit in a quasi-linear environment by David Andolfatto
      Research Division 
          Federal Reserve Bank of St. Louis 




























FEDERAL RESERVE BANK OF ST. LOUIS 
Research Division 
P.O. Box 442  
St. Louis, MO 63166 
 
______________________________________________________________________________________ 
The views expressed are those of the individual authors and do not necessarily reflect official positions of 
the Federal Reserve Bank of St. Louis, the Federal Reserve System, or the Board of Governors. 
Federal Reserve Bank of St. Louis Working Papers are preliminary materials circulated to stimulate 
discussion and critical comment. References in publications to Federal Reserve Bank of St. Louis Working 
Papers (other than an acknowledgment that the writer has had access to unpublished material) should be 





Lagos and Wright (2005) demonstrate how the essential properties of
a money-search model are preserved in an environment that is rendered
highly tractable with the use of quasi-linear preferences. In this paper,
I show that this same innovation can be applied to closely related envi-
ronments used elsewhere in the literature that study insurance and credit
markets under limited commitment and private information. The analy-
sis demonstrates clearly how insurance, credit, and money are interelated
in terms of their basic functions. The analysis also leads to a heretofore
neglected result pertaining to the Friedman rule. In particular, I ﬁnd that
the same frictions that render money essential may at the same time op-
erate to render the Friedman rule infeasible. Thus, even if the Friedman
rule is a desirable policy, an incentive-induced lower bound on the rate of
deﬂation may nevertheless entail a strictly postive rate of inﬂation.
1I n t r o d u c t i o n
Microfounded models of money are appealing because they explain, rather than
assume, the societal beneﬁts of monetary exchange. For the most part, however,
these models are diﬃcult to study analytically; at least, in versions that do not
impose restrictive assumptions on individual money holdings. An innovation in
this regard is Lagos and Wright (2005), who exploit a quasi-linear preference
structure to eliminate the distribution of money holdings as a state variable.
The analytical tractability of their framework has led to a rapid proliferation of
extensions and applications in the literature.
In this paper, I take one step back; rather than extending the original Lagos-
Wright (LW) model, I choose to simplify it further still. The primary simpli-
ﬁcation is to dispense with the search-theoretic aspects of their environment.
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1The idiosyncratic uncertainty and lack of double coincidence induced by ran-
dom pairwise meetings in their “decentralized” market are replaced by random
shocks to individual preferences and abilities operating on agents who meet at
centralized locations. I also dispense with a needless complication in their “cen-
tralized” market and simply assume that utility is transferable; which is, after
all, the gist of their quasi-linear preference structure.
One beneﬁt of this exercise is that it renders clear the essential properties
of the LW model. Fundamentally, it is an environment where agents value
insurance. Moreover, it is an environment where agents can self-insure by trad-
ing through a sequence of debt markets. When private credit is unavailable, a
monetary instrument serves as a substitute for the missing debt instrument.
Another beneﬁto ft h i se x e r c i s ei st h a ti ta l l o w so n et os e ec l e a r l yh o wt h e i r
framework maps into an existing literature that studies insurance and credit
arrangements under private information and limited commitment. For exam-
ple, Atkeson and Lucas (1992) study an optimal insurance arrangement in a
dynamic model with private information and full commitment. In the context
of the LW environment, this problem is rendered highly tractable; and I demon-
strate how a quasi-linear mechanism can implement the ﬁrst-best allocation.
Moreover, under full commitment, I show that the ﬁrst-best allocation can also
be implemented as the equilibrium of a sequence of competitive debt markets.
Next, I dispense with the assumption of full commitment. In the spirit of
Kehoe and Levine (1993), I assume that agents can be banished from an existing
trading arrangement; the threat of which serves to motivate voluntary debt re-
payment. This type of penal code relies on the availability of what Kocherlakota
(1998) has labeled “societal memory;” i.e., a public-access database containing
the records of all individual trading histories. Under quasi-linear preferences,
the amount of societal memory needed to implement a constrained-eﬃcient al-
location is signiﬁcantly reduced; once again, the analysis is rendered highly
tractable. Here, I demonstrate that the ﬁrst-best allocation is implementable
when agents are suﬃciently patient; and if agents are suﬃciently impatient,
some agents are eﬀectively debt-constrained. I also demonstrate the conditions
under which a constrained-eﬃcient allocation can be implemented as the equi-
librium of a sequence of competitive debt markets.
Finally, I demonstrate what is by a now a well-known result that absent
societal memory a ﬁat money instrument is essential. Here, I show that with
quasi-linear preferences, a monetary mechanism can implement any incentive-
feasible allocation available under memory. That is, the ﬁrst-best allocation is
implementable without intervention (a constant money supply); which is a result
similar to that derived by Hu, Kennan, and Wallace (2007). When I further
restrict trades to occur on a sequence of competitive money-goods markets,
implementation of a constrained-eﬃcient allocation requires intervention (either
a contracting or expanding money supply). The eﬃcient monetary equilibria
here correspond to the allocations achievable under a system of competitive debt
markets when memory is available.
2While much of the paper’s contribution can be viewed as pedagogical in
nature, this last result provides—as far as I can tell— a novel insight pertaining
to the Friedman rule. By construction, the environment I consider here is one in
which the Friedman rule is a desirable policy.1 Typically, the way this policy is
implemented is with lump-sum taxes. The problem with this policy prescription
is that it assumes that agents can, in eﬀect, commit to paying a tax obligation;
and it is precisely the absence of this form of commitment that renders money
essential in the ﬁrst place. I resolve this inconsistency by treating all debt
obligations symmetrically; i.e., agents must be induced (rather than coerced) to
comply with their promises. I then demonstrate that while the Friedman rule is
be a desirable policy, it may not be an incentive-feasible policy. To put things
another way, there may be an incentive-induced lower bound on the rate at
which a monetary authority may deﬂate. In fact, the only constrained-eﬃcient
policy may entail a strictly positive inﬂation rate. The result bears a direct
relation to why consumers may face a binding debt constraint in a market for
private debt.
2 The Physical Environment
The economy is populated by a continuum of ex ante identical agents, distrib-
uted uniformly on the unit interval. Each period t =0 ,1,2,...,∞ is divided into
two subperiods, labeled day and night. Agents meet at a central location in both
subperiods; in particular, I abstract from the commonly employed assumption
of random pairwise meetings in one of the subperiods.
All agents have common preferences and abilities during the day. Let xt(i) ∈
R denote the consumption (production, if negative) of output in the day by agent
i at date t. The key simplifying assumption is that preferences are linear in this
term. The possibility of exchange then implies transferable utility. Output
produced in the day is nonstorable, so an aggregate resource constraint implies:
Z
xt(i)di ≤ 0; (1)
for all t ≥ 0.
At night, agents realize a shock that determines their type for the night.
In particular, agents either have a desire to consume, an ability to produce, or
neither. Refer to these types as consumers, producers,a n dnonparticipants,r e -
spectively. Types are determined randomly by an exogenous stochastic process.
This process is i.i.d. across agents and time; there is no aggregate uncertainty.
Let π ∈ (0,1/2) denote the measure of agents who become either consumers or
producers; so that (1 − 2π) denotes the measure of nonparticipants.2
1This is in contrast to environments in which it is not; for example, Levine (1991), Deviatov
and Wallace (2001), Molico (2006) and Williamson (2006).
2At the individual level, these measures represent probabilities.
3A consumer has utility u(c) and a producer has utility −g(y); where c ∈ R+
and y ∈ R+ denote consumption and production of the night good, respectively.
Assume that u00 < 0 <u 0,u (0) = 0 and g0,g00 ≥ 0 with g(0) = g0(0) = 0.
Nonparticipants neither value consume nor are they able to produce it; their
utility is normalized to zero. As the night good is also nonstorable, there is





for all t ≥ 0.





t {xt(i)+π [u(ct(i)) − g(yt(i))]}. (3)
where 0 <β<1. Note that there is no discounting across subperiods.
Weighting all agents equally, a planner maximizes (3) subject to the resource
constraints (1) and (2). As utility is linear in x, feasibility implies that agents
are indiﬀerent across any lottery over {xt(i):t ≥ 0} that delivers E0xt(i)=0 .






0 w.p. 1 − 2π;
−x w.p. π;
(4)
for any x ≥ 0.
Consider next how output is allocated at night. If g is strictly convex, all
producers will be required to produce a common level of output y ≥ 0.3 Given
the strict concavity of u, all consumers will be allocated a common level of
consumption c ≥ 0. Given that the active population is divided equally among
producers and consumers at night, the resource constraint (2) implies c = y.
Hence, conditional on a given level of y (and invoking the fact that Ext(i)=0 ),






[u(y) − g(y)]. (5)
Clearly, W(0) = W(y)=0for some unique 0 < y<∞. Moreover, there
exists a unique maximizer y∗ ∈ (0,y) characterized by:
u0(y∗)=g0(y∗). (6)
In what follows, I refer to (x,y∗) as the ﬁrst-best allocation; where x should be
understood to satisfy a lottery in the form of (4).
3If g is linear, then y can be interpreted as an expected level of output.
4As far as a social planner is concerned, the day subperiod is irrelevant; one
may without loss restrict attention to the ﬁrst-best allocation (0,y∗). The pat-
tern of trades that supports this allocation entails some form of social insurance.
Speciﬁcally, agents face the risk of wanting consumption with no means of pro-
ducing it. The solution entails having those agents with a contemporaneous
ability to produce to satisfy those members of society with a contemporaneous
want. Alternatively, the planner’s solution may also be interpreted as a type of
social credit system; with agents borrowing resources from society when they
have a desire to consume and promising to discharge their debt to society when
they have an ability to produce.
Of course, the ﬁrst-best allocation can be decentralized as a competitive
equilibrium. One obvious market structure that achieves this is a simple (static)
contingent-claims market that opens at the beginning of every night (prior to
the realization of types). Agents purchase claims to consumption redeemable in
the event of desire to consumption; and ﬁnance the purchase of this insurance
policy by issuing claims against output redeemable in the event that production
is possible.
3P r i v a t e I n f o r m a t i o n
Assume now that individual types are private information; but that agents re-
tain access to a commitment technology. In a static version of this model,
this informational asymmetry is suﬃciently severe to render autarky the only
implementable allocation. In a dynamic setting, however, more desirable allo-
cations can be implemented by relying on the information contained in personal
trading histories. In general, it is desirable to make use of an agent’s entire
trading history (or history of reports, in the case of direct mechanisms). It is a
convenient property of this quasi-linear environment that one may without loss
truncate histories to include actions observed (or reported) in the most recent
past. Hence, in what follows, I restrict attention to (stationary) allocations





+x if (ct−1(i),y t−1(i)) = (0,y);
0 if (ct−1(i),y t−1(i)) = (0,0);
−x if (ct−1(i),y t−1(i)) = (y,0);
(7)
with x0(i)=0for all i. If agents reveal their types truthfully (either directly or
indirectly), then any allocation (x,y) given by (7) is feasible and generates the
ex ante welfare function (5); in particular, note that Etxt(i)=0for all i and
all t.
In the mechanism considered here, agents report their types indirectly by
submitting either a claim for consumption or by displaying a level of produc-
tion (for deposit or sale); if they do neither, they indirectly represent them-
selves as nonparticipants. As consumers and nonparticipants are technologi-
5cally restricted from producing output, they have no capacity to misrepresent
themselves as producers. On the other hand, producers have an ability to mis-
represent themselves as either consumers or nonparticipants; and, of course,
consumers and nonparticipants may attempt to mimic each other.
For a producer, an allocation (x,y) is incentive-compatible (IC) if it satisﬁes:
−g(y)+β [x + W(y)] ≥ max{β [−x + W(y)],βW(y)};
or, given that x ≥ 0,
x ≥ β
−1g(y). (8)
That is, the promised future punishment/reward (x) must be suﬃciently large
to compensate the producer for the utility expense associated with producing
output in the amount of y.
For a consumer, an allocation (x,y) is IC if it satisﬁes:
u(y)+β [−x + W(y)] ≥ βW(y);
or,
β
−1u(y) ≥ x. (9)
That is, the consumer’s future debt obligation cannot be so high as to dis-
courage him from revealing his true type at night (he could, as an alternative,
misrepresent himself as a nonparticipant).
It should be apparent that a nonparticipant will not want to misreport him-
self as a consumer. Hence, the following result is immediately apparent.
Result 1 The allocation (x,y∗) with any β
−1u(y∗) ≥ x ≥ β
−1g(y∗) is imple-
mentable when types are private information and when agents can commit.
That the private information friction can be circumvented entirely relies
heavily on the quasi-linear structure of preferences. In general, the ﬁrst-best al-
location is not implementable and the distribution of promised utilities widens
over time; see Atkeson and Lucas (1992). That is, when utility is nontrans-
ferable, it is optimal to smooth punishments and rewards over time; whereas
here one may, without any ex ante utility expense, discharge punishments and
rewards fully on a period-by-period basis.
3.1 A Market Mechanism
There is also a decentralized solution to the resource allocation problem when
types are private information. Of course, the simple contingent-claims market
structure described earlier will not work here (producers would strongly pre-
fer to misrepresent themselves as nonparticipants). As with the “centralized”
6mechanism described above, eﬃciency can be enhanced by introducing a form
of history-dependence in allocations. The way this can be done here is with the
following market structure. Assume that a competitive debt market is avail-
able every night (opening subsequent to the realization of types). Debt issued
at night is redeemed the next day at a competitively-determined (gross) real
interest rate R>0.
The quasi-linear preference structure allows one to cast decision-making in
terms of a sequence of two-period (from one night to the next day) problems.
For a consumer, the choice problem can be formulated as:
max
©
u(c) − βx : c ≤ R−1x
ª
.




with the supply of future (day) output given by xS = RcD. For a producer, the
choice problem can be formulated as:
max{−g(y)+βx : x ≤ Ry}.




with the demand for future (day) output given by xD = RyS. The equilibrium
allocation (x∗,y∗) and price-system R∗ satisﬁes:
u0(y∗)=g0(y∗); R∗ = β
−1g0(y∗); x∗ = R∗y∗. (10)
Result 2 The competitive debt market equilibrium (10) implements the ﬁrst-
best allocation when types are private information and when agents can
commit.
Despite the absence of an insurance market, agents are nevertheless able
to insure themselves fully through borrowing and lending. The equilibrium
distribution of net asset positions is endogenous, but can be derived recursively
from equilibrium behavior (this is to say that behavior and prices do not depend
on the distribution of assets). At the beginning of the day, there is a three-
point distribution of assets (corresponding to the three possible types realized
at night); and at the end of the day, the distribution of assets collapses over
zero. The simplicity aﬀorded by this recursive structure and the fact that the
ﬁrst-best is implementable are both results that rely heavily on the quasi-linear
structure of preferences.
It is also interesting to note how this competitive market for “short-term”
debt evidently replicates the mechanism’s ability to elicit (indirectly) truthful
7reports. This must be true of any ex post competitive spot market; buyers and
sellers that gather together for the purpose of exchange have little incentive
or ability to misrepresent themselves on the spot (and at terms of trade that
they view beyond their control). Producers eager to make a sale will reveal
themselves by displaying their wares; and consumers eager to make a purchase
can do no better than demonstrate their wants at the going price. This is in
contrast to the ex ante contingent-claims market described above where, ex post,
producers would ﬁnd it optimal to mimic nonparticipants.
Finally, note that both the centralized and decentralized mechanisms de-
scribed above make use of individual trading histories (the commitment to honor
a debt presumably relies on, among other things, the ability to demonstrate ev-
idence of its past occurrence). As such, one might say that circumventing the
problem of private information requires the use of memory; although the way
this term is employed here diﬀers from the concept of societal memory empha-
sized by Kocherlakota (1998). That is, given the commitment power assumed
here, societal memory (a public database rendering all private trading histories
observable to society) is not necessary. All that is required is private memory
in the sense that a creditor need only remember his own debtor(s).
4 Limited Commitment
Assume now that agents lack commitment so that individual behavior is re-
stricted to be sequential rational (SR). I assume that society has the power to
banish individuals to a state of perpetual autarky.
For an indirect mechanism recommending allocation (x,y), the producer is
obliged to deliver y units of output at night. This obligation will be honored if
it is sequential rational to do so; i.e.,
−g(y)+β [x + W(y)] ≥ 0. (11)
Likewise, a consumer is obliged to deliver x units of output in the day. It will
be sequentially rational to honor this obligation if:
−x + W(y) ≥ 0. (12)
Observation A If an allocation (x,y) satisﬁes (12) and (8), then (11) is nec-
essarily satisﬁed.
By this observation, any allocation that is IC for the producer is also SR
for the producer. In what follows then, we can ignore this latter constraint and
focus on the consumer’s IC and SR constraints and the producer’s IC constraint
(IC and SR are trivially satisﬁed for the nonparticipant). The set of incentive-
feasible allocations is therefore described by:
z ≡
©
(x,y) ∈ R × R+ :m i n {W(y),β




8The set z is clearly non-empty, convex, and compact. Moreover, with an ad-
ditional mild restriction on preferences, the set will include a strictly positive
y.
It follows as a corollary that the problem of choosing (x,y) ∈ z to maximize
W(y) is well-deﬁned. Moreover, as W(y) is strictly concave, there is a unique
solution y>0. Associated with this solution is an x (not necessarily unique)
satisfying (13). The exact nature of the solution depends on parameters; and
in particular, on the discount factor β.
Deﬁne β














∗ ∈ (0,1). That is, for β = β
∗, the SR and IC constraints for
the consumer and producer (respectively) just bind at the ﬁrst-best allocation.
As well, the consumer’s IC constraint is clearly satisﬁed, since u(y∗) >g (y∗).
As the LHS (RHS) of (14) is increasing (decreasing) in β, it follows that the
ﬁrst-best continues to satisfy consumer SR and producer IC for all β ∈ [β
∗,1).
Moreover, as u(y∗) >g (y∗) is independent of β, it follows that consumer IC
remains satisﬁed as well.
Result 3 If β ∈ [β
∗,1), then the allocation (x,y∗) with any x satisfying (13)
is implementable when types are private information and agents lack com-
mitment.
R e s u l t3i ss t a t e da sas u ﬃcient condition, but it is clearly necessary as well.
It follows as a corollary that when agents are suﬃciently impatient, the ﬁrst-
best is not implementable. To characterize the constrained-eﬃcient allocation,
we need to know which constraints—consumer SR or consumer IC—bind as β → 0.
As it turns out, the relevant constraint for the consumer is SR and not consumer
IC.
Result 4 If β ∈ (0,β
∗), then the constrained-eﬃcient allocation (x0,y 0) is
characterized by 0 <y 0 <y ∗ satisfying W(y0)=β
−1g(y0)=x0.
In any constrained-eﬃcient allocation then, the allocation will be determined
by consumer SR and producer IC; that is, consumer IC will remain slack. To
prove this result, note any constrained-eﬃcient allocation 0 <y 0 <y ∗ must sat-
isfy min{W(y0),β
−1u(y0)} = β
−1g(y0) . The claim is that W(y0)=β
−1g(y0).
Suppose to the contrary that β
−1u(y0)=β
−1g(y0). By the properties of u and
g, this must then imply that 0 <y ∗ <y 0; which is a contradiction. In what
follows, I will refer to the constrained-eﬃcient allocation (x0,y 0) as second-best.
94.1 A Market Mechanism
I demonstrated earlier that under private information over types and full com-
mitment, restricting the mechanism to deliver allocations according to a linear
price-system is in no way constraining. In general, this will no longer be the
case under limited commitment.
Assume now that debt contracts must be self-enforcing. By Observation
A, we already know that IC is stronger that SR for the producer; and as IC
is satisﬁed in a competitive spot market, we can ignore SR for the producer.
Hence, the analysis rests on whether SR is satisﬁed for the consumer; recall
condition (12). As with the non-market mechanism, this constraint will remain
slack if agents are suﬃciently patient; i.e., if β ≥ β
0 for some β
0 ∈ (0,1). For
β<β
0, consumers will be debt-constrained. A characterization of β
0 now
follows.




this will be true whether or not consumers are debt-constrained.4 Next, con-











Clearly, there is a unique value β













Together, conditions (16) and (17) imply the following result:
Result 5 If β ∈ [β
0,1), then the competitive equilibrium (x∗,y∗,R ∗) is sequen-
tially rational (consumer debt-constraint remains slack) and incentive-
compatible.
On the other hand, if agents are suﬃciently impatient, then the ﬁrst-best is
not implementable.




, then the consumer debt-constraint binds and the com-















4In case the debt-constraint binds, producers will be supplying all they desire at the going
interest rate, but consumers will not be borrowing as much as they desire.
10where 0 <y 1 <y ∗, 0 <x 1 <x ∗,R 1 <R ∗, and u0(y1) >g 0(y1).
It remains to ascertain the relationship between β
∗ and β
0. As it turns out,
one may easily establish the following result:
Result 7 If g00 > 0, then β
∗ <β
0; and if g00 =0 , then β
∗ = β
0.
To see this, simply compare (17) with (14) while noting that the convexity
of g implies g0(y)y ≥ g(y). Hence, the restriction to a linear price-system is not
constraining only in the special case for which g is linear. If g is strictly convex,
then the non-market mechanism strictly dominates the market mechanism for
all β ∈ (0,β
0); and indeed, the non-market mechanism can implement the ﬁrst-
best allocation for all β ∈ [β
∗,β
0) while a market mechanism cannot. This
result should not be surprising, as the non-market mechanism is free to adopt
a non-linear pricing scheme.5 In what follows, I refer to the market allocation
when β ∈ (0,β
0) as third-best.
To conclude this section, it is worth emphasizing that implementation here
relies on societal memory; as deﬁned in Kocherlakota (1998). That is, it assumes
that each individual’s trading history is observed by society; or, at least, by
whatever mechanism that is acting on its behalf. The necessity of societal
memory stems from the lack of commitment (and not the private information)
together with a penal code that relies on the ability to ostracize individual
members from a societal trading arrangement in the event of noncompliance.
5M o n e y
The term money should be understood here to mean a ﬁat token that circu-
lates as a means of payment. The issue of how an intrinsically useless object
might come to possess exchange value is a central question in the theory of
money. A related—and somewhat deeper—question pertains to identifying the
circumstances under which an intrinsically useless token might be necessary for
promoting an eﬃcient trading arrangement.
An answer to the ﬁrst question—which is a matter of suﬃciency—is relatively
straightforward. Consider, for example, a monetary mechanism that creates and
issues one indivisible, durable, and non-counterfeitable token to each member of
society. Let zt(i) denote the number of tokens held by an agent i at the beginning
of the day; and let mt(i) denote the number of tokens held entering the night.
While it is conceivable that agents might accumulate any number of tokens, an
educated guess suggests that in equilibrium, mt(i)=1and zt(i) ∈ {0,1,2} for
all i and all t.
5Whether an allocation supported by non-linear prices survives ex post renegotiation here
is an interesting question but one that is not pursued here.
11Now, consider some stationary allocation (x,y). The monetary mechanism
issues the following instructions. At night, subsequent to the realization of
types, but prior to trade, the mechanism asks each agent to display their money
holdings. If mt(i)=0(or if money is not displayed) then the agent is prohibited
from trading in the contemporaneous subperiod. Each producer is asked to de-
posit y units of output and each consumer is asked to deposit one unit of money;
consumers receive the output and producers receive the money (nonparticipants
remain idle). Hence, the relevant choice for an agent who enters the night with
mt(i) units of money is over the following three options:
(ct(i),y t(i),z t+1(i)) ∈ {(0,y,m t(i)+1 ),(0,0,m t(i)),(y,0,m t(i) − 1)}. (20)
At the beginning of each day, the monetary mechanism intermediates an
exchange of output for tokens. In particular, x units of output can be purchased





+x if mt(i)=zt(i) − 1;
0 if mt(i)=zt(i);
−x if mt(i)=zt(i)+1 .
(21)
Note that the monetary mechanism described above makes no direct refer-
ence to any individual’s personal trading history; although an indirect reference
is made to the extent that contemporaneous money holdings reveal something
about past behavior. It should be clear enough that the following result is true.
Result 8 The monetary mechanism deﬁned by (20) and (21) can implement
any incentive-feasible allocation (x,y) ∈ z.
To see this, note that all agents enter the initial night with one unit of
money. Nonparticipants have no desire to consume and no ability to produce,
so they leave the night with one unit of money. Consumers want output and, by
incentive-feasibility, are willing to acquire it in exchange for an implicit obliga-
tion to deliver x the next day. Hence, consumers purchase output by surrender-
ing their token; they leave the night with zero units of money. The next day,
consumers are willing (again, by incentive-feasibility) to produce x in exchange
for a token; recall that the failure to acquire this token prevents them from
participating in the night market.6 Finally, since the allocation is incentive-
feasible, producers are willing to deliver output at night in exchange for an
implicit promise to x the next day; the latter which may be purchased with the
additional money token acquired at night. At the end of the day, all agents are
once again reduced to holding one unit of money.
6Implicitly, I assume here that if it is rational to default in a single day, it remains rational
to default forever. Hence, while society cannot banish any individual in perpetuity (it cannot
keep records), banishment in each contemporaneous night period forever amounts to the same
thing.
12T h ee x a m p l ea b o v ed e m o n s t r a t e sh o waﬁat money object can be valued in
exchange. In particular, it can be valued to the extent that individual money
balances reveal something important about a person’s trading history. In the
example above, entering the day with ‘large’ money balances constitutes evi-
dence of a past sacriﬁce, worthy of current redemption. Leaving the day with
‘low’ money balances constitutes evidence of free-riding; an act deserving of
punishment (the threat of which is used to discourage the practice). In short,
money—like societal memory—is a record-keeping device. Societal memory—itself
an intrinsically useless object—is valued to the extent it helps mitigate the prob-
lems associated with limited commitment. Fiat money is just a physical man-
ifestation of some relevant aspect of an individual’s past trading behavior. In
the context of this particular environment, money turns out to be a perfect
substitute for memory.
What the example above does not demonstrate, however, is why money
might be essential in the sense of being the only way in which to implement
ac o n s t r a i n e d - e ﬃcient allocation. Clearly, if societal memory is available, then
money is not necessary. Whether money is essential or not hinges on the follow-
ing question: Is money a technologically superior method of encoding societal
memory? Not surprisingly, the answer to this question depends on what further
assumptions are made with respect to the environment.
One might, for example, assume that a public access database recording
the private histories of all individuals is absent; perhaps because such a record-
keeping technology would entail an unbearable resource cost. Alternatively, one
might assume that private trading histories constitute private information; and
that simple ‘intangible’ reports of histories can be costlessly fabricated. Or,
if private histories are somehow recorded in a central data bank, one might
imagine that these data are subject to (identity) theft. Under any of these
circumstances, if society can create tokens that are less easily counterfeited and
more diﬃcult to steal (relative to identity fabrication or theft), then a ‘tangible’
money token can serve as the device by which individuals can credibly record
their past behavior and make this record accessible (through a spot trade of
money for output) to other agents.7
5.1 A Market Mechanism
Following the discussion above, imagine that memory is unavailable, so that
money is essential. Assume that a mechanism (suitably interpreted here as a
monetary/ﬁscal authority) initially creates and distributes money evenly to all
members of society. I assume here that money is perfectly divisible.
Agents are assumed to trade on a sequence of competitive spot markets
(with money being exchanged for goods in both the day and night).8 Other
7A topic not pursued here regards the coexistence of money and credit; see, for example,
Kocherlakota and Wallace (1998) and Sanches, Williamson and Wright (2007).
8The model in this section is a variant the competitive market model presented in Ro-
13than this restriction, the mechanism considered here has all the powers of the
monetary mechanism described above; in particular, it has the power to exclude
individuals from trading in the night market. Keep in mind that agents are free
to skip either the day or night market of their own volition.
There are three things that are by now well-known about this environment.
First, in the absence of money, the only equilibrium is autarky. Second, if
the money supply is held constant, the monetary equilibrium improves upon
autarky, but falls short of the ﬁrst-best. Moreover, with a constant money
supply, the monetary equilibrium is incentive-feasible even absent any ability
on the part of the government to prohibit trades. Third, if the money supply
is made to grow (by way of monetary injections of any form), the resulting
inﬂation reduces ex ante welfare.
It is also well-known that the desired policy in the present context is to con-
tract the money supply in accordance with the Friedman rule. The requisite
destruction of money is usually assumed to be achieved by way of lump-sum
taxes.9 The problem with this policy prescription, at least, within the context
of the environment laid out here, is that coercive taxation is ruled out by as-
sumption. To put things another way, it assumes that agents can, in eﬀect,
commit to paying a tax obligation; and it is precisely the absence of this form of
commitment that renders money essential in the ﬁrst place. There is an obvious
inconsistency here that needs to be resolved.
The issue to be resolved here is whether there is any way in which the mecha-
nism can contract the money supply in a manner that is not inconsistent with the
assumed structure of the environment. In what follows, I demonstrate how this
q u e s t i o nc a nb ea n s w e r e di nt h ea ﬃrmative, but subject to a natural restriction
that may render the ﬁrst-best allocation outside of the set of incentive-feasible
allocations (so that the Friedman rule is not implementable).
To begin, assume that the government asks agents to pay a lump-sum tax
of money at some point in the day. As with the private debt market described
earlier, this public debt obligation must be self-enforcing; i.e., agents must some-
how be induced to pay the tax voluntarily. The question is how. When memory
is available, noncompliance can be punished by the threat of exclusion. But
there is no memory here. Moreover, simply displaying one’s money balances
provides no evidence that the tax has been paid.10
The problem here is that there are two distinct forms of credit that need to
be recorded. The ﬁrst is the standard one; i.e., whether or not an agent made
or received a gift in the night-market. As described above, money is the device
cheteau and Wright (2005).
9Fabiano Schivardi has pointed out to me that it might also be achieved by embedding
within monetary objects a form of planned obselence; where (say) a ﬁx e df r a c t i o no fm o n e y
exogenously evaporates. In what follows, I rule out this technology.
10For example, one might anticipate that all agents will have the same money balances at
the end of the day; but there is no way of knowing whether this dollar amount was acquired
by working and paying taxes, or avoiding the tax and shirking.
14that records these activities. The second is whether the tax has been paid or
not. We cannot ask that a single record-keeping device keep track of these two
distinct actions. The solution, therefore, is to introduce a second record-keeping
device.
This second record-keeping device can be in the form of a dated tax receipt.
In keeping with our earlier assumptions, this government-issued tax receipt can
be issued in a physical and non-counterfeitable form. It is an object that can
be carried into the night-market and displayed to the government as a sort of
license to trade in the night-market. In a manner consistent with what we have
assumed earlier, the government has the power to exclude agents from trading in
the night-market; a power that the government can and should exercise absent
evidence of the tax receipt. Finally, as the tax receipt is dated, it expires at the
end of the night; it must be renewed at the beginning of each day (and will not
circulate as a diﬀerent form of money).
With this mechanism in place, it is conceivable that agents may voluntarily
pay their taxes if it grants them access to the night-market. This is exactly
analogous to the private debt market studied earlier; where agents were seen
to voluntarily make good on their private debt obligations in exchange for the
prospect of future trading opportunities.
Assume then that the government expands the money supply M at (gross)
rate μ ≥ β. New money (μ−1)M is injected (withdrawn) by way of a lump-sum
transfer (tax) every day; let τ =( μ−1)M denote the transfer (tax, if negative).
Moreover, assume for the moment that agents are willing to pay this tax. Then












Observation B ye = y∗ when μ = β; i.e., the Friedman rule implements the
ﬁrst-best allocation.
Observation C Condition (23) is identical to condition (15).
That is, the competitive equilibrium allocation in a sequence of money spot
markets is required to satisfy the same restriction as the competitive equilibrium
allocation in a sequence of private debt markets (where memory was employed).
One implication of this is that the term β
−1g0(ye) represents the (gross) real
rate of return on money (rather than private debt) from the night to the next
day.
The ﬁnal thing to check is whether the ﬁrst-best allocation, achieved under
the Friedman rule, is in the set of incentive-feasible allocations. As in the case of
the private debt market, the answer is clearly no if W(y∗) <x ∗. By Observation
C, the following result is readily apparent:
15Result 9 Results 5-7 apply to the competitive monetary equilibrium. In par-
ticular, if β ∈ [β
0,1), then the Friedman rule implements the ﬁrst-best
allocation. If β ∈ (0,β
0), the Friedman rule is not incentive-feasible; the
constrained-eﬃcient allocation in this case is second-best if g00 =0and
third-best if g00 > 0.
Result 9 implies that if agents are suﬃciently impatient, then there is an
incentive-induced lower bound on the rate at which a monetary authority can
deﬂate. That is, when β ∈ (0,β
0), the best incentive-feasible allocation (x1,y 1)
satisﬁes (18). But as y1 must also satisfy (22), this condition identiﬁes the lower
bound on deﬂation; i.e.,








Clearly, μ1 >βas u0(y1) >g 0(y1).
In fact, it is evident that if SR binds suﬃciently tightly for consumers, then
it is possible that the only incentive-feasible monetary policy requires a strictly
positive inﬂation. There is a clear and direct analog here to the private debt
market considered earlier. That is, if consumers have a strong incentive to
default on their private debt obligations, producers are compelled to restrict
the amount of output produced severely. The equilibrium real interest rate in
this case is very low (consumers would like to borrow more at this low interest
rate, but cannot). The low real interest rate in this case corresponds to the high
inﬂation rate in the monetary economy.
6C o n c l u s i o n
Lagos and Wright (2005) demonstrate how the essential properties of a money-
search model can be preserved in an environment that is rendered highly tractable
with the use of quasi-linear preferences. My own contribution has been to point
out that this same innovation can be applied to closely related environments
studied elsewhere in the literature. In the context of dynamic models with pri-
vate information and limited commitment, the eﬀect of quasi-linearity is reduce
the amount of memory required to implement a constrained-eﬃcient allocation.
In the context of models where agents can self-insure through competitive asset
markets, the eﬀect of quasi-linearity is to remove the distribution of assets as a
state variable. As has been highlighted elsewhere in the literature, the role of
ﬁat money is to allow people to credibly record some aspect of their past trans-
actions and make that record accessible to other people when societal memory
is too costly (eﬀectively rendering agents anonymous). This basic insight holds
true whether or not trade is imagined to occur in centralized or decentralized
locations.
Relating the LW model to the existing literature also led to an interesting
discovery; namely, that the same frictions that render money (memory) essential
16may at the same time render the Friedman rule infeasible. When this is so,
there is an incentive-induced lower bound to the rate of deﬂation away from
the Friedman rule. In some circumstances, the best incentive-feasible monetary
policy may entail a strictly positive rate of inﬂation.
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